Dissolved organic matter (DOM) from the treated effluent of a wastewater treatment 14 plant and from the river Seine under high human pressure has been separated into three 15 fractions: hydrophobic (containing humic and fulvic substances), transphilic and 16 hydrophilic using a two column array of XAD-8 and XAD-4 resins. The acid base 17 properties and the binding characteristics with respect to Pb ions (using the new 18 electroanalytical technique AGNES, Absence of Gradients and Nernstian Equilibrium 19
allows for a full description of the Pb binding properties of the whole DOM of a 28 sampling site. Despite its weak aromaticity, the hydrophilic fraction from the 29 wastewater treatment plant effluent exhibits a high lead binding affinity, so that at 30 typical environmental pH and free Pb levels (0.1 µg L -1 ), Pb is mainly bound to the 31 most hydrophilic fraction of the treated effluent (49% of bound Pb at pH 7). This 32 feature may greatly enhance the transport of Pb and highlights that Pb speciation should 33 also consider other fractions apart from humic and/or fulvic acids when studying surface 34 waters under high human pressure. Sampling was carried out in three sites located downstream of the Parisian conurbation 141 in the river Seine. The first sample is from the treated effluent of the Seine-Aval 142 wastewater treatment plant (WWTP) located at Achères (labelled A1). This WWTP was 143 chosen for the present study since it collects over 70% of the dry weather (combined 144 sewer) flows from Paris and the surrounding suburban metropolitan area (8 million 145 inhabitants). These effluents are then highly representative of discharged effluent from 146 Paris and are treated at this WWTP by primary settling and aerobic activated sludge. 147 The Seine river sites were Andrésy (labelled AN) and Méricourt (MT). The Andrésy 148 site is located 5 km downstream of the Seine-Aval WWTP and has been chosen because 149 it is under very strong urban pressure. Méricourt site is located at about 50 km 150 downstream of Andrésy. This site has been selected because it is relatively far from the Parisian conurbation and then allows us to study the influence of time travel (about 152 thirty hours from Andrésy taking into account the flow rate of the Seine river during the 153 sampling campaign) on modification of physico-chemical properties of DOM. 154 The DOM from all these sites has been exhaustively extracted and fractionated 155 according to its polarity into three different fractions: hydrophobic, transphilic and the drift rate of the electrode was measured over 300 s; readings were accepted 186 whenever the drift was less than 0.5 mV min -1 .
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The amount of deprotonated sites (Q, in mol kg -1 ) of the fractions HPOAN, HPOMT, 188 HPOA1 and TPIA1 can be computed from the charge balance: The concentration (in mol kg -1 ) of sites available for complexation will be
The total concentration (in mol L -1 ) of sites of type N (free or protonated) is
The charge balance at any point of the titration requires
Next, by combining eqn. (6) and 7), we obtain the concentration of non-protonated sites 211 in a given point of the protonation curve as 212 [ ] meter Basic 20 (Crison). 226 As it has been already recommended ( Usually, two modal distributions (e.g. associating "1" with "carboxylic" groups and "2" 276 with "phenolic" sites) are suitable, but in this work, a third distribution (e.g. "nitrogen" 277 groups or "neutral" sites) will be added for the fraction HPIA1, given the triple wave 278 shape of the corresponding proton titration (see section 4.2 below). For each modal 279 distribution (denoted with the index j), NICA reads: C decreases, while that of N increases (see Table ) . Also, the degree of unsaturation also shown that nonspecific binding starts to be really significant in terms of percentage of metal bound at high metal loadings (>10 -5 mol L -1 ), which are mostly not 362 environmentally relevant. 363 In the proton titrations (see Fig. ) , the fraction HPIA1 reveals a pattern close to a triple 364 wave, while the other fractions exhibit the typical double wave behaviour: HPOA1 and 365 TPIA1 fractions lie very close to one another, and HPOAN and HPOMT also remain 366 very close, but showing a higher Q max than HPOA1 and TPIA1. This behaviour suggests 6)). We estimated max,Neutral Q′ by assuming that 382 40% of the nitrogen content is yielding such type of sites, given that this estimation (distribution 2) indicating that protonation in the 9-to-5 pH range takes place mainly in 469 the phenolic distribution (distributions 1 at pH 7 and 9 are superimposed). Remark that 470 even though Pb will, at pH 9, bind preferably to the "phenolic" sites, at pH 5 both 471 distributions overlap to a greater extend. The Pb binding (for low loadings) to the 472 carboxylic distribution will then be dominant (see Table 5 ), due to the higher abundance 3), with the strongest binding affinity for Pb at pH 9, show the weakest affinity at pH 5. 489 Such a large shift experienced by mode 3 from pH 9 to 5 is mainly due to the strong 490 binding affinity that this distribution presents for the proton, hence, the energy 491 expended to extract protons increases when pH decreases. Since mode 3 also contains 492 the highest maximum Pb capacity, its environmental impact will be highly pH It should be pointed out that the shape in the resulting affinity distribution changes 500 when pH changes (pH 5-9) ( Fig. ) . The figure also depicts the occupied sites for a given 501 free Pb concentration of 10 µg L -1 . In this case, from pH 5 to 9, 50-60% of the bound Pb 502 is adsorbed at the HPIA1 fraction, while the HPOA1 and the TPIA1 fractions contain 503 respectively around 20-30% and 14-18% of the bound Pb (see Table ) . If the free Pb 504 concentration is reduced to 0.1 µg L -1 , the roles of the different fractions are similar, 505 with a small increase of the percentage bound to the TPIA1 fraction. However, the 506 distribution inside all the fractions remains in all cases highly pH dependent as indicated 507 in The high binding capacity of HPIA1, which is also the predominant EfOM fraction Table 3 . Table 4 . 
